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SPECIFICATION 
TITLE 

"METHOD FOR ALTERING A PROTOCOL 
IN A MAGNETIC RESONANCE APPARATUS" 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed to a method for allowing an operator of a 
magnetic resonance apparatus, such as a magnetic resonance imaging apparatus or 
a magnetic resonance spectroscopy apparatus, through the operator console for the 
apparatus. 

Description of the Prior Art 

The pulse sequences utilized in imaging magnetic resonance technology (MRI) 
and in the magnetic resonance spectroscopy (NMR spectroscopy) are normally 
parameterizable. Parameters are offered to the operator by means of which the 
operator selects the anatomy that is of interest(e.g. number, position, orientation of the 
slices), or influences the contrast between the relevant tissue (e.g. T1/T2 contrast via 
TR/TE parameters, pre-saturation pulses for fat/water suppression), or selects the 
resolution depending on the size of the significant objects (e.g. FoV, matrix size, layer 
thickness), or influences the signal-to-noise ratio of the resulting images (e.g. averages, 
bandwidth), or controls the measuring time (e.g. TR, TE, concatenations, averages), 
etc.. Generally, the values of these parameters cannot be selected independently of 
one another. There are numerous dependencies between the individual parameters 
(for example, TR and the number of the slices), which generally are different for 
different sequence types. Moreover, the parameter values are subject to further 
boundary conditions, which, for example, are determined by the efficiency of the utilized 
hardware (e.g. maximum amplitude and minimum rise time of the gradient system) and 



the load capability of the patient (e.g. physiological stimulation threshold given rapidly 

varying magnetic fields). 

A difficulty for the dialog system of a MR scanner is to support the user with 

respect to finding a parameter set (called a protocol), which meets the operator's 

requirements and which can be implemented with the present hardware. 

Conventionally, the user selects a protocol from a set of stored, predetermined 

protocols, each protocol being optimized for a particular investigation. If parameters 
; 3 must be adapted (normally, this is the case at least for the parameters for selecting the 
* ? anatomy), only values by means of which the protocol remains intact as a whole, with 
l i unchanged values of all other parameters, are offered to the operator/user for each 
; ; single parameter P L The advantage of this approach is that the suitability of the 
= ri protocols for their intended purpose cannot be degraded by the "over-adjustment" by 
i user. As a result of the aforementioned dependency between the parameters, the 

ij value range A, of the parameter P; generally depends on the value of the other 

a. s i a/i i/w 

T^X^cC°° parameters P J ^ lf the user does not see 3 see " a desired value offered in the 
selected protocol, it is theoretically possible to select the desired value subsequent to 
the modification of one or more other parameters. For this purpose, however, the user 
needs detailed knowledge about the dependencies between the parameters, which is 
a disadvantage. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for altering a protocol 
in a magnetic resonance apparatus which allows an operator to set a parameter to a 
desired value, which causes at least one other parameter value to change, without the 
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AS.. iOI$)jOQ cpersi-or 

IX. jojMioo necessity of the - operating having to proceed through several steps to determine the 
effect of setting the parameter to the desired value. 

This object is achieved in accordance with the invention in a method for selecting 
a protocol in a magnetic resonance apparatus wherein the value range A,- of the 
parameter P, offered to the user is automatically extended by the measuring system to 
encompass values that take modifications of other parameters into consideration. The 
extended adjustment possibilities are offered to the user. If the operator selects a value 

: in the extended value range, the operator is automatically informed (i.e., without the 

4,S,^£>/3l/tfo intervention 

2-K **/J*70 3 necessity of further operator invention or action) about the necessary adaptations of the 
dependent parameters (e.g. by means of a pop-up dialog). In particular, the operator 
can be given the opportunity to reject the adaptation (and therefore the changed value 
of parameter PJ. It should be noted that a hidden adaptation of the dependent 
parameters by the system is generally not expedient. Whether the suggestions 
calculated by the system can be accepted usually depends on the specific examination. 

As used herein, the term "magnetic resonance apparatus" encompasses both 
imaging and spectroscopic systems operating based on nuclear magnetic resonance 
principles. 

The inventive method has several advantages. Operators with less training can 
utilize the extended adjustment possibilities for the parameter P,. The operation of the 
measuring system can be learned faster. Trained operators can handle the operation 
of the measuring system much faster. The operating comfortand workflow is improved. 
The parameter modifications determined by the measuring system can be optimized 
with respect to the particular pulse sequence or the particular measuring method, and 
therefore generally have a better quality than modifications determined by the operator. 
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Particular advantages exist in the case of new pulse sequences / measuring methods 
with changed dependencies between the individual parameters, or in the case of 
extension of known methods by new parameters. 

Various suggestions can be offered for parameter adaptations, from which the 
operator can select. The adjustment possibilities of the parameter P„ wherein other 
parameters must be adapted, can be specifically visualized in the user interface (e.g. 
by a range display that shows values with and without parameter adaptation in different 
colors). The inventive method can be directly transferred to all other complex physical 
measurements with multidimensional, non-cubic parameter spaces (e.g. CT imaging). 
DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a section of a user interface (operating console display) 
illustrating a first step for altering a parameter in a magnetic resonance apparatus 
protocol in a conventional manner. 

Figure 2 illustrates the same section of the conventional user interface shown 
in Figure 1, in a second step of the conventional procedure. 

Figure 3 shows the same section of a conventional user interface as in Figures 
1 and 2, in a third step of the conventional procedure. 

Figure 4 shows the same section of the conventional user interface as in Figures 
1 , 2 and 3, in a fourth step of the conventional procedure. 

Figure 5 shows a section of a user interface (operator console display) for 
altering a protocol in a magnetic resonance apparatus in accordance with the present 
invention. 

Figure 6 shows a pop up dialog display which occurs during the execution of the 
inventive method. 



Figures 7, 8 and 9 are time diagrams for explaining the interaction of certain 
components of the magnetic resonance apparatus during execution of the inventive 
method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The two immediately following sections concern a typical situation which arises 
in the preparation of an MR protocol. The operator would like to measure 12 slices, 
however, the current TR value (300 ms) only allows 10 slices at a maximum. The 
;i section "User Action Without Invention" describes the steps necessary for this purpose 
| which would be undertaken by an experienced MR operator working with a conventional 
U system. The section "User Action With the Invention" describes the same scenario with 
respect to a MRease system (MRease is the new control software of Siemens MR 
= x scanning). 

The next section describes an exemplary embodiment for a possible software- 
, 3 oriented realization of the inventive method. 

Figure 1 shows a section of a conventional user interface in which the measuring 
parameters can be adjusted. The parameter field "Slices" has been selected by the 
operator. Subsequently, the value range of the parameter is visualized in the lower 
. 4oti4 JO& rango . The parameter can be freely set in the range between 1 and 1 0 - without other 
parameters having to be adapted as a result (known approach). The value desired by 
the operator (slices = 1 2) is not present. The operator must know that the value of TR 
must be increased in order to be subsequently able to enter the desired value for 
"slices". 

For this purpose, the operator selects the parameter TR (Figure 2) 



The operator does not know the minimal TR value, which is necessary for 
increasing the "slices" up to 12 slices. Therefore, the operator initially will select a very 
high value (here TR = 3000ms) for which the operator is certain that 12 slices are 
possible. Then, the operator changes over to the parameter field "slices" again (Figure 
3). As can be seen, the TR value is lengthened vis-a-vis Figure 1 . 

Now, the operator could even increase the value of "slices" up to 108. The 
operator sets the number of the slices to the desired value 12. The operator must now 
ph change over to the parameter TR and must set its value to the new minimum (here 332 
•*, ms, see Figure 4). This is necessary, so that the measuring time is not unnecessarily 
{'j lengthened and so that a similar contrast is received as in the initial protocol. 
j > User Interaction with Invention 

^ Figure 5 shows a section of the MRease user interface in which the measuring 

j parameters can be adjusted. The parameter field "slices" has been selected by the 
AS. pjl\loG pWof fit wc/ rtlc^k 

P-x. 4S£'> 00 user. Subsequently, the value range of the parameter is visualized in the lower range. 

The parameter can be freely set in the range between 1 and 10 - without other 

parameters having to be adapted as a result. This parameter range can be for 

AoiUlv example, green in the range display. On the right side of it (between 1 1 and 58), the 

l.s, ioj 3) loo ex t enc j ec i va | ue ra nge follows for example, in (red) . 

T .u- iVMo« The operator can directly enter the desired value "slices" = 12. As a result of the 

parameter input in the extended value range, a modal dialog pops up, which informs 
the operator about the necessary parameter adaptation (here an extension of TR by 32 
ms, see Figure 6). 

The operator can accept this adaptation (by actuating the button command "OK") 
or can reject it (by actuating "Undo" in the button command). If the operator accepts 
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the adaptation, the operator arrives at the same protocol ("slices" = 12, TR = 332 ms) 
as at the end of the scenario "User Interaction Without Invention". In the "undo" case, 
the original value (slices = 2, TR = 300ms) remains. 
Realization details 

In sequence diagrams, Figures 7, 8 and 9 show the cooperation between the 
operator and the relevant software components during the above described scenario 
using the inventive method. 

n Sequence diagrams serve the purpose of representing the chronological 

sequence of the communication between the involved components. In each diagram, 

u _ 4 time runs from the top to the bottom. The relevant components are shown by 
'W perpendicular (horo broken) life lines. If the life line is covered by a wide perpendicular 

bar, this means that the component is active in the corresponding time interval. If such 
a bar is covered by a further laterally offset bar, this indicates a recursive or iterative 
action. Messages between the individual components are represented by horizontal 
arrows between the life lines. The answer to a message is represented as a separate 
arrow (reversed direction). A condition in square brackets on an arrow means that the 
message (and therefore the appertaining answer as well) is sent only when the 

A S \0j2,\l00 qL"> fee *he recede* c-f ih own messc,^ 

2jt' /toiH/'oo condition is fulfilled. A component can be the oendor or rocoivor of a moosago . 
-r.n. AoWioo 

Apart from the operator, the diagrams of Figures 7, 8 and 9 differentiate between 
the components "user interface", "protocol access component" and "sequence". The 
user interface is the part of the software with which the user directly communicates. 
The component sequence represents the portions of the software, which realizes a 
specific physical measuring method (e.g. spin-echo-sequence, turbo-spin-echo- 
sequence, etc.). Generally, each of these measuring methods can have individual 



^Jffjj£ dependencies between the parameters. The other software components user interface^ an<X 
\S, lOlziluo protocol access components do not "know" which measuring method is realized in the 
I/.. ^iWco curren t constellation (and therefore the current parameter dependencies). The other 
software components merely know a set of standardized entry points in the sequence. 
Therefore, the sequence can be replaced by any software module which makes these 
entry points available. The protocol access component is a software layer, which is 
situated between the user interface and the actual protocol data. Upon request, the 
P protocol access component supplies parameter data to the user interface and may 
^ ! modify (in turn, upon request of the user interface) the protocol data. A communication 
2. Id bfct)o& with the sequence is necessary thcrofor , particularly for determining the value range 
n and the dependencies. The user interface does not directly communicate with the 
sequence. 

Messages that are exchanged between the components during the above 
described scenarios are described in the following. The individual messages are 
referenced by their number in the sequence diagrams of Figures 7, 8 and 9. 

If the user selects the parameter P, (message 1), the user interface needs the 
value range of the parameter in order to display it. The user interface thus requests the 
value range from the protocol access component (message 2). 

The sequence component provides the protocol access component with two 
methods by means of which the value range can be determined: 

The routine "check protocol" can make a Boolean statement for each protocol, 

i.e. whether this parameter set can be measured. 
?. U Ao/l.'ijo^ - The routine "solve protoco l " is called only when the protocol has been rejected 

T- U ■ fo^Z/oa 

by "check protocol". It has the task of modifying the parameter data such that 
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the protocol can still be measured. If this can be achieved, it answers with 
TRUE, otherwise the return value is FALSE. 

The protocol access component now iteratively modifies the value of the 
parameter P, (message 3.n.1 , n thereby indicates the iterative step) in a previously fixed 
interval {l jf I, + incr,, I, + 2*incr. h ... , hj. In every iteration step n, the routine "check 
protocol" is initially called with the modified parameter set (message 3.n.2). If it accepts 
the modified protocol, the tested parameter value belongs to the "green" value range 
:Z> of the parameter Pj. Otherwise, it is tested with the routine "solve conflict" (message 
3.n. 3) i.e., whether the sequence is capable of generating a measurable protocol by 

* : adapting other parameters. If this can be achieved, the parameter value belongs to the 

• ' "red" value range of P,. If the answer of "solve conflict;" is FALSE, the corresponding 
! parameter value is excluded. Prior to the iterative method, the current measurable 

protocol is stored (message 3.0) and this protocol state is restored after each iterative 
A S iEBi/oo s * e P ( messa 9 e 3. n. 4). If there is no time to test all possible values in the interval 
r.u jwtov (exhaustive search: (h, l,)incr ; iterative steps), the range limits can be found in 
? ^ p/i?/ °~ a PP rox ' mate 'y log2((*/h | l ; )/incr ;)- iterative steps with the aid of an interval nesting 
r.u.joiiH me thod, for example. The last method functions, however, only when specific 
assumptions about the value range can be made. 

In an earlier initialization phase (not shown in the diagrams), the sequence made 
the routines "check protocol" and "solve conflict;" known to the protocol access 
component. The initialization phase thereby corresponds to one of the aforementioned 
entry points into the sequence. It should be pointed out that the routine "check 

A.S. \0ll\h0 depended cf 

2 .tt 00 protocol" tests the parameter set as a whole and therefore is d o pond o nt on the 
parameter whose value range is to be found. The routine "solve conflict,", by contrast, 



AX 10121/00 re-Mi* 'solve c^ji.d;" 

js parameter-specific (alternatively, the "routine" solve - conflict - could be provided with 

J.U.^oi'J-l'fco 

information as to which parameter has been modified). Otherwise, the sequence can 
solve the conflict by modifying the value of P, itself (e.g. to the value prior to the iteration 
start). In MRease, the routines "check protocol" and "solve conflict" are global C++ 
functions with a defined interface. Furthermore, an unambiguous character string is 
allocated to each parameter P,. During the initialization phase, the sequence calls a 
register function and provides it with the address of the function "solve conflict" together 
p with the character string, which is allocated to the parameter P,. The addresses of the 
N functions are stored in the protocol access component and are called if required. 

After the iterative method has been completed, the protocol access component 
:~~] supplies the value range A, (as the answer to message 2) to the user interface. The 
: L user interface initializes the value display (message 4) and waits for further messages 
I of the user. 

If the user now changes the value of the parameter P, (message 5), the user 
interface forwards the new value to the protocol access component (message 6). The 
protocol access component stores the current state of the protocol (message 7), and 
modifies the value of the parameter P t in the protocol data (message 8). If the new 

AS, ioiUJoo 

value of the parameter Pj is situated in the red range, the routine "solve conflict'- is 
called again for adapting the dependent parameters. In MRease, the function "solve 
confiict"is thereby informed of the context (determination of the value range or input of 
a new value by the user) in which the function is called by means of a transfer 
parameter. In the context "user input", it must supply additional information, which is 
necessary in order to format the text for the pop-up function. Furthermore, the 
calculations are normally more complicated in this context. In the above example, the 
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minimal TR must be determined in the context "user input" given 12 slices. In the 
context "value range determination", it is sufficient to make a decision whether the 
protocol can be measured by adapting TR. The actual value of TR is not relevant in 
this context. The protocol access component stores the text formatted with the function 

AS 10/ V loo 

J°/ M / 0<> "solve conflict;' for the pop-up dialog (message 10) and, with the response to message 

T-K- 

6, initializes an updating of all currently displayed parameters (message 11). This is 
necessary, since the user interface and the protocol access component do not know 
which of the parameters have been adapted by the sequence and therefore all of the 
displayed parameters generally could have changed. If all parameter data have been 
read, the user interface asks whether a message is present (message 12) and shows 
the message, if present, in a modal dialog (message 13). Now, the user interface waits 
for a decision of the user. 

The user will now press the "OK" or the "Undo" button command (message 14). 
The user interface informs the protocol access component of the decision (message 
15). If the user has selected the button command "Undo", the protocol access 
component restores the protocol state again that is stored by message 7. (message 
17). The stored user message is deleted(message 16). In the "Undo" case, the 
response to message 15 initiates a new updating of the displayed parameters. For this 
purpose, the same steps are carried out in the user interface as during the processing 
of the response to message 6. This time, however, there is no user message due to 
message 16 and the method is completed after the parameter data have been read. 

The user interface now waits for the next user action. 

It should be additionally mentioned that Figures 7, 8 and 9 only show the actual 
flow diagram in MRease in a simplified manner. The actual implementation includes 



additional steps for the runtime optimization. For example, the iterative method for 
determining the value range A| of the parameter P, is only repeated when Aj is 
requested by the user interface and when at least the value of one parameter Pj *i) 
has changed since the last request. In particular, this is the case when the value of Pi 
itself has been set in the red range after the last request. Furthermore, the sequence 
can intervene into the behavior of the user interface by means of registering further 
optional callback functions, which are called in a defined context. These functions can 
enable each sequence, for example, to dynamically fade-in or out individual parameters 
(i.e. dependent on the current protocol state) in the user interface, and/or to prescribe 
arbitrary, even incoherent value ranges, without a time-intensive exhaustive search, 
and/or to adapt further parameters without the confirmation of the user given the placing 
of a parameter, and or to exchange designator, unit, tool tip of the parameter, and/or 
to fade-in new parameters in the user interface. 

Although modifications and changes may be suggested by those skilled in the 
art, it is the intention of the inventors to embody within the patent warranted hereon all 
changes and modifications as reasonably and properly come within the scope of their 
contribution to the art. 



WE CLAIM AS OUR INVENTION: 

1 . A method for altering a protocol in a magnetic resonance apparatus 
comprising the steps of: 

(a) displaying a display presentation at a user interface for a magnetic 
resonance apparatus containing a first parameter in a protocol for 
operating the magnetic resonance apparatus and a second parameter in 
said protocol for operating the magnetic resonance apparatus; 

(b) in said display presentation, showing a range of values for said first 
parameter including designating a first sub-range within said range 
wherein selection of a value does not modify said second parameter, and 
a second sub-range within said range wherein selection of a value causes 
modification of said second parameter; 

(c) if a value for said first parameter is selected in said second sub-range, 
automatically showing in said display presentation how the value selected 
for said first parameter will modify said second parameter; and 

(d) giving a user an option in said display presentation to confirm selection 
of said value selected for said first parameter or to reject selection of said 
value selected for said first parameter, via said user interface. 

2. A method as claimed in claim 1 wherein step (c) comprises automatically 
showing how the value selected for said first parameter will modify said second 
parameter in a pop-up dialog within said display presentation. 

3. A method as claimed in claim 1 wherein step (b) comprises designating 
said first sub-range with a first color in said display presentation and designating said 
second sub-range with a second color in said display presentation. 
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ABSTRACT OF THE DISCLOSURE 

In a method for altering a protocol in a magnetic resonance apparatus a first 
parameter for the protocol and a second parameter for the protocol are displayed in a 
user interface display presentation. In this display presentation, a range of values for 
the first parameter is shown, including designation of a first sub-range within the range 
wherein selection of a value for the first parameter does not modify the second 
parameter, and designation of a second sub-range wherein selection of a value for the 
first parameter causes modification of the second parameter. If a value for the first 
parameter is selected in the second sub-range, the display presentation automatically 
shows how the value selected for the first parameter will modify the second parameter. 
The user is given an option, via the user interface to confirm selection of the value for 
the first parameter, or to reject it. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, 1 hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled: 

"METHOD FOR ALTERING A PROTOCOL IN A MAGNETIC RESONANCE APPARATUS" 



Case No. P00.1737 , the specification of which 

X is attached hereto. 

(check one) was filed on , as 

Application Serial No. 

and was amended on • 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent Office all information which is 
known to me to be material to the patentability of this application in accordance with Title 37, Code of 
Federal Regulations, 1.56 1 . 

I do not know and do not believe this invention was ever known or used in the United States of 
America before my or our invention thereof, or patented or described in any printed publication in any 
country before my or our invention thereof or more than one year prior to this application, that the same 
was not in public use or on sale in the United States of America more than one year prior to this 
application, and I believe that the invention has not been patented or made the subject of an inventor's 
certificate issued before the date of this application in any country foreign to the United States of 
America on an application filed by me or my legal representatives or assigns more than twelve months 
prior to this application, and that no application for patent or inventor's certificate on this invention has 
been filed in any country foreign to the United States of America prior to this application by me or my 
legal representatives or assigns, except as identified below: 

I hereby claim foreign priority benefits under Title 35, United States Code, 1 19 of any foreign 
application(s) for patent or inventor's certificate listed below 
Prior Foreign Application(s) 

Number Country Date 



and have also identified below any foreign application for patent or inventor's certificate having a filing 
date before that of the above listed application on which priority is claimed: 



1 (b) Under this section, information is material to patentability when it is not cumulative to information already of record 
or being made of record in the application, and 

(1 ) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable underthe preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable 
construction consistent with the specification, and before any consideration is given to evidence which may be submitted in an 
attempt to establish a contrary conclusion of patentability. 



Prior Foreign Application(s) 
Number Country 



Date 



If no priority is claimed, I have identified all foreign patent applications filed prior to this 
application: 

Prior Foreign Application(s) 

Number Country Date 



And I hereby appoint Messrs. John D. Simpson (Registration No. 19,842), Steven H. Noll 
(28,982), Brett A. Valiquet (27,841 ), James D. Hobart (24,1 49), Melvin A. Robinson (31 ,870), and Mark 
Ber'gner. all members of the firm of Schiff, Hardin & Waite, 

Telephone: 312/258-5790 
my attorneys with full power of substitution and revocation, to prosecute this application and to transact 
all business in the Patent and Trademark Office connected therewith and direct that all correspondence 
be forwarded to: 

Schiff, Hardin & Waite 
Patent Department 
6600 Sears Tower, Chicago, Illinois 60606 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

4 , S. f0/3i/a^ u || name of sole or first inventor ALTO-Ar STEMMER _ 

Inventor's signature 
Residence 
Citizenship 
Post Office Address 



All* -S-fe^^uV— Da t e 10 ill loo 

Siealitzhofer Strafte 53, 91054 Erlanaen. Germany 

Germany 

Siealitzhofer Strafle 53 . 

91054 Erlanaen, Germany . 



Full name of second joint inventor, 



Inventor's signature 

Residence 

Citizenship 

Post Office Address 



(if any) RAINER KAIM 



Date /tOJU/Q" 



Obermichelbacher Srafte 10. 90587 Obermichelbach 

Germany . 

Obermichelbacher Strafte 10 . 

90587 Obermichelbach . 



Full name of third joint inventor, 

(if any) THOMAS KLUGE 



Inventor's signature 

Residence - Jahn3trftc 23. 96050 Bamberg Jla h nst.TaCte 23 

Citizenship Germany 



Post Office Address Jahnstrafle 23 



96050 Bamberg 



Full name of fourth joint inventor, 
(if any) 

Inventor's signature 

Residence 

Citizenship 

Post Off i ce Add ress 



